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Amnhoteric Huorescent \A/httenina Agents 

The present Invention relates to amphoteric bis-triazlnylaminostilbene fluorescent whitening 
agents (FWA's), a process for their preparation and the use thereof for fluorescent whitening 
of synthetic or natural organic materials, in particular, paper. 

The most commonly used types of fluorescent whitening agent for the fluorescent whitening 
of paper are those belonging to the class of di-, tetra- or hexasulphonic add derivatives of 
bis-trlazinylaminostilbenes, which are anionic in nature. Modem paper-making techniques, 
however, generally employ cationic polymers as assistants, for example, as retention agents 
or dewatering aids. In particular, during the production of recycling papers, which, most 
probably contain residual amounts of anionic FWA's. The presence of cationic polymers, 
however, results In quenching of the fluorescence of anionic l=WA*s, which is cleariy 
disadvantageous. Consequently, there is a need for a type of FWA. which Is not quenched 
by such polymers and, in addition is combinable with anionic FWA's. 

Surprisingly, it has now been found that certain novel amphoteric FWA's are neither 
detrimentally affected by the presence of cationic polymers nor by the presence of residual 
amounts of anionic FWA's and also exhibit excellent whitening properties when applied to 
paper. 

Accordingly, In a first aspect, the present Invention provides novel amphoteric fluorescent 
whitening agents, which comprise a mixture of compouncte of the formulae 




\ 




in which 

A* represents a group of the fonnula 



wherein 

A represents -X-Y-NR3R4 and 
C is -NR,R2 and 

B* represents a group of the formula 




wherein 

D represents -NRgRe and 

E represents -Xi-YrNRyRa. whereby 

X and Xi each. Independently of each other, represent -O- or -NH-, 

Y and Y, each. Independently of each other, represent a straight-chain CVCaalkylene or 

branched Ca-Csaikylene chain, which may be Intermpted by one or two oxygen or sulphur 

atoms, 

Ri. R2. Rs and Re each independently of each other, represent hydrogen. Ci-C4alkyl, 
Ca-C4hydroxyalky!. C,-C4ali<oxyCt-C4aikyl. phenyl, which is unsubstituted or substituted by 
halogen, C,-C4alkoxy, C,-C4aikyl or suiphonamido. or 

R, and R2 and /or Rs and Re. together with the nitrogen atom to which they are attached, 
complete a morphoKno-, piperidino- or pyrrolldlno-ring, 

R3. R4. Rr and Ra. each independently of each other, represent hydrogen. C,-C4alkyl. 
C2-C4hydroxyaikyl or 
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R3 and R4 andfor R, and Re. together with the nitrogen atom to which they are attached, 
complete a morpholino-, pipeiidino- or pynolldlno-ring and 

M represents hydrogen, an alkaOne or alkaline earth metal, ammonium or alkyl ammonium. 

Amphoteric compounds of fbnnula (la) - (1c) may exist either In the fomd of an Internal or 
external salt Thus, fbr example. In the case In which M in the alsove formulae represents 
hydrogen, compounds (la) - (1c) may exist as an equilibrium mixture of a neutral molecule 
and of a zudtterion. wherein M designates a negative charge In the form of SOa'. whilst the 
proton reskles on the amine residues In the fomn of ammonium salts -NT' HR3R4 and 
-IM* HR7R8. Consequently, In order for the compounds of f onmulae (1 a) ~ (1 c) to be truly 
amphoteric In character, it Is necessary for the total number of acidic groups and of basic 
amino groups present in the molecule to be equal. Since the diamlnostilbene disulphonic 
acid moiety already contedns two sulphonic acid groups, It Is preferable that no further acidic 
grcHjps are present In the molecules (la) - (1c) and. furthermore, that they are substituted 
with two amino groups whhsh are of sufnciently high bastelty to be capable of forming 
zwitterions i.e. in addition to amino groups attadied direcUy to a triazine ring. 

In one preferred aspect, the Invention relates to a fluorescent whitening agent, which 
comprises a mixhire of compxiunds of the formulae 




(Id). 



N />— X V— nJ 
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in which 

X, Y. Ri, R2, R3, R4, R5. Re and M are as previously defined and, more especially, mixtures of 
compounds (Id), (1e) and (If), in which 

Y is a straight chain Ca-Csalkylene or branched Ca-Cealkylene residue which may be 
Interrupted by 1 or 2 oxygen atoms, 

Ri, Ra. Rsand Re each Independently of each other, represent hydrogen, CrC4alkyl, 
C2-C4hydroxyalkyl, phenyl, which is unsubstituted or substituted by methoxy, ethoxy or 
-SO2NH2 or 

Ri and Rg, and/or R5 and Re, together with the nitrogen atom to which they are attached, 
complete a morpholino ring, 

R3 and R4 both represent Ci-C4alkyl, C2-C4hydroxyalkyl or, together with the nitrogen atom to 
which they are attached, complete a morpholino ring, 
M represents hydrogen, lithium, potassium or sodium and 
X is as defined previously. 

Most preferred mixtures of compounds (1d) - (1f) are those in which 
X represents -O- or -NH-, 



Y represents a straight chain CrCAalkytene or branched C3*C4alkylene residue 
Ri and Rs both represent hydrogen, Ci-C4allcyl, C2-C4hydroxyaIlcyl or phenyl, 
Ra and Rs both represent hydrogen or C2-C4hydro)cyalkyl, 

Ra and R4 both represent CrC4alkyl, CrC4hydroxyallcyl or, together with the nitrogen atom to 
which they are attached, complete a morpholfno ring and 
fA represents hydrogen or sodium. 

In a second pretended aspect, the invention relates to a fluorescent whitening agent, which 
comprises a mixture of compounds of the formulae 




(Id), 



(1g) and 



-6- 




in wMch 

X, Xi, Y, Yi, R,, Ra, Rg, R4, Br, Re and M are as defined previously, and, more espedally, 
mixtures of compounds (1d), (1g) and (1h) In which 
X and Xi both represent -NH-, 

Y and Y, each, Independently of each other, represent a straight chain CrCgalkylene or 
branched Ca-Csalkylene residue which may be intenxipted by 1 or 2 or oxygen atoms, 
Ri and Ra, each independently of each other, represent hydrogen. Ci-C4alkyl, 
C2-C4hydroxyalkyl, phenyl, which is unsubstituted or substituted by methoxy, ethoxy or 
-SO2NH2 or 

Ri and Ra, together with the nitrogen atom to which they are attached, complete a 
morpholino ring, 

R3, R4, R? and Re, each independently of each other, represent hydrogen, Ci-C4alkyi, 
C2-C4hydrc»q^allcy( or 

R3 and R4 and/or R7 and Re, together with the nitrogen atom to which they are attached, 

complete a morpholino ring and 

M represents hydrogen, lithium, potassium or sodium. 

Most prefenred mixtures of compounds (Id). (1g) and (1h) are those in which 

X and Xi both represent -NiH-, 

Y and Y, each, independently of each other, represent a straight chain C2-C4alkylene or 
branched C3-C4all<ylene residue, 

R, represents hydrogen, C,-C4alkyl, Ca-C4hydroxyail<yI or phenyl, 
Rg represents hydrogen or Ca-C4hydroxyalkyl or 

Ri and Ra. together withihe nitrogen atom to which they are attached, complete a 
morpholino ring. 



Ra* R4> R? and Rs, each independently of each other, represent hydrogen, CrC4alkyl, Ca- 
C4hydroxyaikyl or 

Ra and R4 and/or R7 and Ra, together with the nitrogen atom to which they are attached, 
complete a morpholino ring and 
M represents hydrogen or sodium. 

In a third aspect, the present invention provides novel amphoteric fluorescent whitening 
agents of the fomiula 




in which 

Xi Yp Y|, Ri. R2. R3. R4. Rs. R6» R7, Rs and M are as defined previously, whilst those 
compounds of formula (2) are preferred, in which 
Xi represents oxygen, 

Y and Yi each, independently of each other, represent a straight chain Ca-Ceallcylene or 
branched Cs-Ceallc/iene residue which may be interrupted by 1 or 2 oxygen atoms, 
R11 R2> Rs and Re each independently of each other, represent hydrogen, CrC4aikyl, 
C2-C4hydroxyalkyi, phenyl, which is unsubstituted or substituted by methoxy, ethoxy or 
-SO2NH2 or 

Ri and R2 and/or R5 and Re, together with the nitrogen atom to which they are attached, 
complete a morpholino ring, 

Ra, R4. R7 and Ra, each independently of each other, represent hydrogen, Ci-C4alkyi, 
C2-C4hydroxyali<yl or 

Ra and R4 and/or R7 and Ra. together with the nitrogen atom to which they are attached, 

complete a morpholino ring and 

M represents hydrogen, lithium, potassium or sodium. 

Most preferred compounds of formula (2) are those in which 
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Xi represents oxygen, 

Y and Y, both represent a straight chain C2-C4alMene or branched C3-C4alkylene residue. 
Ri and Rs are each Identical and represent hydrogen, C,-C4alkyi, C2-C4hydroxyaIkyl or 
phenyl, 

R2 and Re are each identical and represent hydrogen. C,-C4alkyl, C2-C4hydroxyalkyl or 
Ri and Ra and R5 and Re, together with the nitrogen atom to which they are attached, 
complete a morpholino ring. 

Ra, R4, R7 and Rg are all identical and represent hydrogen or Ci-C4a!kyl and 
M represents hydrogen or sodium. 

In a fourth aspect, the Invention relates to a fluorescent whitening agent, which is a 
compound of the formula 




/"a 

>= V 

RsReN 



(3). 



In v^ich 

R9 and R,o, each Independently of each other, represent hydrogen or Ca-C4hydroxyallcyl and 
Y, Yi, R,, Ra, R3, R4, Rg, Rg, and M are as defined previously, with the proviso that when 

Y and Y, both represent -CHaCHaCHa-. Rt and Rs are both phenyl and R2 and Re are both 
hydrogen, Re, R4, R9 and R,o are not all -CH2CH2OH. whereby, preferred compounds of 
fomiula (3) are those in which 

Y and Y, each, Independently of each other, represent a straight chain Ca-Ceallcylene or 
branched Cg-Cealkylene residue which may be Intermpted by 1 or 2 oxygen atoms, 

Ri, R2, Rs and Rg each independently of each other, represent hydrogen. Ci-C4altcyl, 
C2-C4hydroxyall<yl, phenyl, which Is unsubstituted or substituted by methoxy, ethoxy or 
-SOaNHa or 
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Ri and and^or Rs and Re. together with the nitrogen atom to which they are attached, 
complete a morpholino ring, 

R3, and B4 each independently of each other, represent hydrogen. Ct-C4alkyl, Cr 
C4hydro)cyalkyl or 

Rs and R4. together with the nitrogen atom to which they are attached, complete a 
morpholino ring and 

M represents hycfrogen. lithium, potassium or sodium. 
Most preferred compounds of formula (3) are those in which. 

Y and Yi both represent a straight chain CrCsaikylene, which may be interrupted by 1 or 2 
oxygen atoms. 

Ri and R5 are each Identical and represent hydrogen. CrC4allcyl, C2-C4hydro3^li<yl. 
ethoxyphenyl or phenyl, 

R2 and R6 are each identical and represent hydrogen. Ci-C4alkyl, C2-C4hydro3^lkyl or each 
Ri and R2 and R5 and Re, together writh the nitrogen atom to which they are attached, 
complete a morpholino ring, 

R3 and Ra are identical and each represents hydrogen or hydros^ethyl, 
R4 and Rio are identical and each represents hydrogen or hydroxyethyl and 
M represents hydrogen or sodium. 

Within the scope of the definitions of the substituents. CrC4alkyl groups are. for example, 
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, Isobutyl or t-butyl. whilst CrC4alkoxy 
groups are, for example, methoxy, ethoxy, n-propoxy, isopropo)^, n-, sec-, iso- or t-butoxy. 

A CrC^alkyiene chain, in the definitions of Y and Yi. may, for example be an ethylene, n- 
propylene, methyl ethylene. 1- or 2Hfnethylpropylene. n-butylene. ethylethylene. n-pentylene, 
ethyl propylene, dimethyl propylene, methyl butylene. n-hexyiene, dimethyl butylene, methyl 
pentylene, ethyl butylene, n-heptylene, methyl hexylene. dimethyl pentylene, ethyl pentyiene, 
trimethyl butylene, n-octy!ene, methyl heptylene, dimethyl or ethyl hexylene or a trimethyl 
pentylene chain. Where the Ca-Csallcylene chain is intenupted by heteroatoms, these may be 
sulphur or. especially, oxygen, whilst C2-C4hydroxyallQri may be hydroxyethyl, hydroxy-n- or 
isopropyl or hydroxybufyl. 
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Further, withfn the scope of the definitions, halogen is iodine, bromine, fluorine or. especialiy. 
chlorine, whilst sulphonamido may be -S02NHCi-C4allcyl. -S02N(C,-C4alkyl)2 or, especially - 
SO2NH2. 

Where M represents an allcaline or aikaHne earth metal, this may be lithium, potassium, 
sodium, calcium or magnesium, whHst alkyi ammonium may be ammonium which Is mono-, 
dl-, tri- or tetra substituted by CrC4alkyl or Ca-C4hydroxyalkyl or a mixture thereof. 
Preferably, M represents hydrogen or sodium. 

The mixture of compounds of fonnulae (la), (lb) and (1c) of the Inventloh may be prepared 
by reacting, under known reaction conditions, cyanuric chloride, successively, in any desired 
sequence, with each of 4.4'-diaminostilbene-2,2'- disulphonic add, amino compounds of 
formulae R1R2NH and I^ReNH or mixtures thereof and compounds of formulae R3R4NYXH 
and R7R8NY,X,H or mixtures thereof, whereby X. X,, Y, Y,, R,. Ra, R3, R^, R5, r^. r^ and Rs 
are as previously defined. 

Depending on the amounts and proportions of the amines RtRaNH and Rsi^NH and of the 
compounds of fonnulae R3R4NYXH and RyRglSIYiXiH and whether ttiey are added 
sequentially or simultaneously as a mixture, the proportions of the compounds (la), (lb) and 
(1c) can be varied considerably. Thus, tiie present invention relates to a fluorescent 
whitening agent which comprises a mixture of the compounds (la), (lb) and (1c) wherein 
each of the components are present in a molar ratio of between 5 and 80%, preferably they 
are present in the approximate molar ratios of 5-45% of ttie compound of formula (1a). 15- 
60% of the compound of formula (1b) and 5-45% of the compound of formula (1c). More 
preferably, tiie compounds (la), (lb) and (1c) are present in the approximate molar ratios of 
20-50% of the compound of formula (la), 25-50% of tfie compound of fomiula (lb) and 5- 
35% of the compound of formula (1c). Naturally, such mixtures may also be obtained by 
mechanical mixing of the individually prepared components. 

Similariy, the compound of fomiula (2) may be prepared by reacting, under known reaction 
conditions, cyanuric chloride, successively, in any desired sequence, with each of 4,4'- 
diamlnostilbene-2,2'- disulphonic acid, an amino compound of formula R1R2NH, an amino 
compound of fomriula RgReNH. a hydroxy compound of formula R3R4NYOH and a compound 



of formula RrRsNYiXiH, Xi Y. Y|, Rn Re. R3, R4. Rs. Re. R7 and Ra being as previously 
defined. 



In an analogous manner, the compound of formula (3) may be by reacting, under known 
reaction conditions, cystfiuric chloride, successively, in any desired sequence, with each of 
4,4*-diaminostilbene-2,2'- disulphonic acid, an amino compound of formula RiRaNH, an 
amino compound of formula RsReNH, an amino compound of formula R3R4NYNH2 and a 
compound of formula R9R10NY1NH2, Y, Yi, Ri, R2, R3. R4. R51 Ret R9 and Riobeing as 
previously defined. 

In certain cases, it may be advantageous to isolate the intemiediate dichlorotrlazinylamino 
derivatives of 4,4'-diaminostilbene-2,2 • disulphonic acid, either as pure asymmetric 
compounds or as their mixtures, which are subsequently reacted further to yield either 
mixtures of compounds of fomnulae (la), (lb) and (1c), compounds of fonmula (2) or 
compounds of formula (3). Since a number of these intennediate dichloro derivatives are 
novel, a further aspect of the invention is a compound of formula 




NR,iRi2 



(4a) 



R13HN 

or a mixture comprising compounds of the formulae 
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(4c). 



in which 

Rii and R12, each independently of each other, represent hydrogen, Ci-C4all<yl, 
C2-C4hydroxyall<yl, C,-C4alkoxyCrC4a!i<yl or. together with the nitrogen atom to which they 
are attached, complete a morpholino-, piperidino- or pyrrolidino-ring. 
Ri3 represents phenyl, which is unsubstituted or substituted by halogen, CrC4alkoxy, 
CrC4aikyi or sulphonamido and 

M represents hydrogen, an alkaline or alkaline earth metal, ammonium or alkyi ammonium. 
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Preferably, Rn and R12. each independently of each other, represent hydrogen. CrC4alkyf. 
C2-C4hydroxyalkyl, especially, both representing Ci-CahyroxyalkyI or. together with the 
nitrogen atom to which they are attached, complete a morpholino*ring. whilst 
Ri3 represents phenyl, which is unsubstituted or substituted by methoxy. ethoxy or -SO2NH2. 
especially, unsubstituted. sulphonamido- or ethoxy-substituted phenyl and M represents 
hydrogen, lithium, potassium or sodium, especially, hydrogen or sodium. 

in analogy to the previously described processes, compounds of fomiula (4a) or a mixture of 
compounds of fonmulae (4a), (4b) and (4c) may be prepared by reacting, under known 
reaction conditions, cyanuric chloride, successively, in any desired sequence, with each of 
4,4'-dtemninostilbene-2.2 - disulphonic acid, an amino compound of fonmula R11R12 NH and an 
amino compound of fonnula R13NH2 or with a mixture of amino compounds RiiRi2NH and 
R13NH2. R11. R12 and Ri3 being as previously defined. 

As previously mentioned, intennediate compounds of formula (4a) are useful for the 
preparation of those compounds of fonmula (2). wherein, Rt and R2 each independently of 
each other, represent hydrogen. Ci-C4all<yl, C2-C4hydroxyatkyl, Ci</4alkoxyCi-C4alicyl or, 
together with the nitrogen atom to which they are attached, complete a morpholino-. 
plperidino- or pyrrolidino-ring, R5 represente phenyl, which Is unsubstituted or substituted by 
halogen, Ct-C4alkoxy, Ci-C4alkyl or sulphonamido. Re represents hydrogen and 
Xi, Y, Yi, Ra, R4, R7f Rs and M are as defined previously and also are useful 
for the preparation of those compounds of formula (3), in which, in formula (3), 
Ri and R2 each independently of each other, represent hydrogen, Ci-C4alkyi, 
C2-C4hydroxyaikyl, Ci-C4aikoxyCt-C4alkyl or, together with the nitrogen atom to which they 
are attached, complete a morpholino-, piperidino- or pyrrolldino-ring, 
Rs represents phenyl, which is unsubstituted or substituted by halogen, Ci-C4alkoxy, 
CrC4alkyl or sulphonamido. Re represents hydrogen and Y, Yi, R3, R4, Ra, Rio, and M are as 
previously defined. 

Furthermore, the mixtures of compounds of formulae (4a), (4b) and (4c) are useful for the 
preparation of those mixtures of compounds of fonmulae (la), (lb) and (1c), in which, in 
formulae (1a), (1b) and (1c), Ri and R2 each independently of each other, represent 
hydrogen, Ci-C4alkyl, C2-C4hydroxyaikyl, Ci-C4alkoxyCrC4alkyl or, together with the nitrogen 
atom to which they are attached, complete a morpholino-, piperidino- or pyrrolidino-ring, 
Rs represents phenyl, which is unsubstituted or substituted by halogen, Ci-C4alkoxy, 
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CrC4alkyl or sulphonamlcto, Re represents hydrogen and X, X,, Y, Y„ R3, R4. Rr. Rg and M 
are as defined previously. 

i 

One further aspect of the preparation of certain compounds and compound mixtures 
described above is also of importance. In the case in which X or Xi represents oxygen and at 
least one of the substituents R3, R4, R7 and Ra represents hydrogen, it may be necessary to 
introduce a protective group such as -COAilcyl onto the nitrogen atom in order to ensure 
reaction occunring in the desired direction, the protective group being subsequently removed 
by conventional methods. 

A further synthetic variation, which may be advantageous for the preparation of asymmetric 
derivatives, is to replace the 4,4'-diaminostilbene-2,2'- disidphonlc acid by 4-amino-4'- 
nitro8tilbene-2,2'- disulphonic add and. after earring out the desired condensation reactions, 
reducing the nitro group to an amino group, whereby further desired condensation reactions 
may suissequentiy be performed. 

Ail starting materials are Icnown compounds, which are readily available or may be prepared 
by known methods. 

A further aspect of the invention is a composition for whitening of paper, which contains 
water, a fluorescent whitening agent which comprises a mixture of compounds of the 
formulae (la), (lb) and (1c), a fluorescent vi^itening agent of fonnuia (2) or a fluorescent 
whitening agent of the formula 




(5). 



in whidi 

Ru and R15, each independently of each other, represent hydrogen, Ci-C4allcyl or 
C2-C4hydroxyaikyl and 
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Y, Yi, Rt, Rai Ra. R4» Rs* Rei dnd M are as defined previously, and, optionally, auxiliaries. 

Such compositions may comprise not only mixture of compounds of the fomnulae (la), (1b) 
and (1c), compounds of fonnula (2) and compounds of formula (5) alone, but also mixtures of 
the individual component mixtures and components with one another 

More specifically, such brightener compositions contain water and, in each case based on 
the weight of the formulation, from 3 to 25% by weight, preferably from 5 to 15% by weight of 
the above defined fluorescent whitening agent mixture and also 0 to 60%, preferably 5 to 
50% by weight, of auxiiiaries. 

Suitable auxiliaries include, for example, anionic or non-ionio dispersants from the class of 
ethylene oxide adducts with fatty alcohols, higher fatty acids or alkyi phenols or 
ethylenediamine etiiyiene oxide-propylene oxide adducts, copolymers of N-vinylpyrrolidone 
with 3-vinylpropionic acid, polyethylene glycols, water retention aids, such as ethylene glycol, 
glycerol or sorbitol, or biocides* 

Since most of the mixtures of compounds of fonmuiae (la), (lb) and (1c), the compounds of 
fomnuia (2) and the compounds of formula (5) are excellent fluorescent whitening agents for . 
substrates such as paper, the present invention further provides a method for the fluorescent 
whitening of paper comprising contacting the substrate with a fluorescent whitening agent 
which comprises a mixture of compounds of formulae (la), (lb) and (1c), a compound of 
formula (2) and/or a compound of formula (5). 

When used for the fluorescent whitening of paper, the mixture of compounds of formulae 
(1 a), (1 b) and (1 c), the compound of fonmula (2) and/or the compound of formula (5). 
according to the present invention, may be applied to the paper substrate in the pulp mass, 
in the fonm of a paper coating composition, or directly in the size press or metering press. 

In one preferred aspect, the present Invention provides a method for the 
fluorescent whitening of a paper surface, comprising contacting the paper surface 
with a coating composition comprising a white pigment; a binder dispersion; 
optionally a water-soluble co-binder, and sufficient of a fluorescent whitening 
agent, according to the present invention, to ensure that the treated paper contains 
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0.01 to 1 % by weight, based on the white pigment, of a fluorescent whitening 
agent of the invention. 

As the white pigment component of the paper coating composition used according 
to the method of the present invention, there are preferred inorganic pigments, 
e.g., aluminium or magnesium sincates. such as China clay and kaolin and, 
further, barium sulfate, satin white, titanium cfioxide. calcium carbonate (chalk) or 
talcum: as well as white organic pigments. 

The paper coating compositions used according to the method of the present 
invention may contain, as binder, inter alia, plastics disperstons based on 
copolymers of butadlene/styrene, aciylonltrile/butadiene^styrene. acrylic acid 
esters, acrylic acid esters/styrene/acrytonitrile. ethylene/vlnyl chloride and 
ethylene/vlnyl acetate; or homopolymers, such as polyvinyl chloride, polyvinylldene 
chtorlde. polyethylene and polyvinyl acetate or polyurethanes. A preferred binder 
consiste of styrene/butyl acrylate or styrene/butadlene/ acrylic acid copolymers or 
styrene/butadiene rubbers. Other polymer latices are described, for example, in 
U.S.Patent Specifications 3,265,654, 3,657,174, 3,547,899 and 3,240,740. 

The optional water-soluble protective colloW may be, e.g., soya protein, casein. 
carbo^Q^methylcellulose, natural or modified starch, chitosan or a derivative thereof 
or, especially, polyvinyl alcohol. The prefen-ed polyvinyl alcohol protective colloid 
component may have a wide range of saponification levels and molecular weights; 
e.g. a saponification level ranging from 40 to 100; and an average molecular 
weight ranging from 10.000 to 100,000. 

Recipes for coating compositions for paper are described, for example, In J.P. 
Casey "Pulp and Paper"; Chemistry and Chemical Technology, 2nd edition. 
Volume III, pagesi 684-1 649 and in "Pulp and Paper l\/lanufacture", 2nd and 5th 
edition. Volume II. page497 (IVIcGraw-HIII). 

The paper coating compositions used according to the method of the present 
invention preferably contain 10 to 70% by weight of a white pigment. The binder is 
preferably used in an amount, which is sufficient to make the dry content of 



-17- 



polymerfc compound up to 1 to 30% by weight, preferably 5 to 25% by weight, of 
the white pigment* The amount of fluorescent brightener preparation used 
according to the invention is calculated so that the fluorescent brightener is 
preferably present In amounts of 0.01 to 1% by weight, more preferably 0.05 to 1% 
by weight, and especiany 0.05 to 0.6% by weight, based on the white pigment. 

The paper coating composition used in the method according to the invention can 
be prepared by mixing the components in any de^red sequence at temperatures 
from 10 to lOO^'C, preferably 20 to 80''C. The components here also include the 
customary auxiliaries, which can be added to regulate the riieological properties, 
such as viscosity or water retention capacity, of the coating compositions. Such 
auxiliaries are, for example, natural binders, such as starch, casein, protein or 
gelatin, cellulose ethers, such as carboxyalkylcellulose or hydroxyalkylcellulose, 
alginic acid, alginates, polyethylene oxide or polyethylene oxide alkyi ethers, 
copolymers of ethylene oxide and propylene oxide, polyvinyl alcohol, water-soluble 
condensation products of formaldehyde with urea or meiamine, polyphosphates or 
polyacryllc acid salts. 

The coating composition used according to the method of the present invention is 
preferably used to produce coated printed or writing paper, or special papers such 
as ink-jet or photographic papers, or cardboard. 

The coating composition used according to the method of the invention can be 
applied to the substrate by any conventional process, for example with an air 
blade, a coating blade, a roller, a doctor blade or a rod, or In the size press, after 
which the coatings are dried at paper surface temperatures in the range from 70 to 
200**C, preferably 90 to 130**C, to a residual moisture content of 3-8%, for example 
with infra-red driers and/br hot-air driers. Comparably high degrees of whiteness 
are thus achieved even at low drying temperatures. 

By the use of the method according to the invention, the coatings obtained are 
distinguished by optimum distribution of the dispersion fluorescent brightener over 
the entire surface and by an increase in the level of whiteness thereby achieved, 
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by a high fastness to light and to elevated temperature (e.g. stability for 24 hours 
at 60-100X.) and excellent bleed-fastness to water. 

In a second prefenred aspect, the present invention provides a method for the 
fluorescent whitening of a paper surface comprising contacting the paper in the 
size press with an aqueous solution containing a size, optionally an inorganic or 
organic pigment and 0.1 to 20gn of a fluorescent whitening agent of the invention. 
Preferably, the size is starch, a starch derivative or a synthetic sizing agent, 
espedeUly a water-soluble copolymer. 

in a third preferred aspect, the invention provides a method for the fluorescent 
whitening of paper during paper fonnation. whereby the f=WA is added direcUy to 
the pulp mass. In this case, the r=WA may be in the form of a solution, a di^rsion 
or as a powder, whereby the i=WA's of the invention are especially valuable in that 
their effect is not inhibited by the presence of cationic polymers. fMng agents, wet- 
strengthening agents or de-Inking auxiliaries, which are similariy added to the pulp 
mass prior to paper formation. Examples of such auxiliaries may include 
dicyandiamide condensation pnxiucts, polyvinyl amines, polyethylene imines, 
caUonIc starches, poiy-DADMAC (diallyl dimethyl ammonium chloride), poiyamide 
amines and polyepa)dde8. 

In a final aspect, the Invention relates to paper, which has been treated witii a fluorescent 
whitening agent comprising elUier a mixture of compounds of fomiulae (1 a). (1 b) and (Ic), a 
compound of fonnula (2) or a compound of fonnula (5). 

The compounds of the present Invention are particularly advantageous In that they exhibit 
not only extremely high wtiltening ability, also in tiie presence of cationic polymers or residual 
amounts of anionic l=WA"s, but. in addition, In many cases highly desirable water solubilities 
and fastness properties. 

The following Examples serve to illustrate the Invention without intending to be restrictive in 
nature; parts and percentages are by weight, unless otherwise stated. Percentage 
compositions of reaction mixtures are calculated as the areas under the cun/es of the 
respective HPLC specti-a, observed at 350nm. 
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Preoaratlve Examples 
Example 1 




(101) 



16,7g of 4,4'-bis [(4-N-morpholino-6-chloro-1 ,3,5*triazin-2-yl)amino]stilbene-2,2'-disulphonic 
acid disodium salt are added over 30 minutes with stirring at 25^C to 50ml of S-N.N- 
dimethylamino-1 -propylamine, whereby, during the addition, the temperature rises to 60^C. 
The temperature is then further increased to 100^C and the mixture maintained at this 
temperature for a further 1 hour. Heating is then ceased, the mixture allowed to stand 
overnight at room temperature, then diluted with 25ml of water and evaporated under 
vacuum to approximately 30g. The resulting residue is dissolved in 50ml qf water and the pH 
adjusted to 1.0 by addition of 20ml of concentrated hydrochloric acid. The pH Is then raised 
to approximately 5 and the mixture stirred overnight at room temperature. The precipitated 
solids are filtered, washed with water and dried under vacuum at 60^C. There are obtained 
14.9g of the compound of formula (101) as pale yellow crystals with an active content of 
83%. 

The starting material, 4,4 -bis [(4-N-morphoIino-6-chIoro-1,3,5-triazln-2-yl)amino]stllbene-2,2'- 
disulphonic acid disodium salt of fomnula (101a), is prepared as follows: 
A solution of 120g of cyanuric chloride in 930ml of methyl ethyl ketone is added with stirring 
over 10 minutes at S-IO'^C to 400g of ice/Water. Then, during 70 minutes at a pH of from 4.5 
to 5.0, 1042g of a 12% solution of 4,4*-diaminostilbene-2,2'-disuiphonic acid and sodium 
carbonate are added such that no excess of 4,4'-di9minostilbene-2,2'-disulphonic acid is 
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present The mixture is stirred for a further 20 minutes at 5-10»C. after which time a total of 
37.9mi of 20% aqueous sodium cartxmate solution Is consumed. The mixture is warmed to 
15-20"'C and the pH adjusted to 7.0 l>y addition of 20% aqueous sodium carbonate solution. 
28.0g of morpholine are then added drop wise over 10 minutes, the mixture wanned to 70- 
75'*C during 60 minutes and stining continued for 30 minutes at this temperature, the pH 
being maintained at 7.0-7.5 by addition of a total of 46.9ml of 50% aqueous sodium 
hydroxide solution. The temperature is then raised to 90"C and the methyl ethyl ketone 
distilled off. The reaction mixture is then slowly cooled to 25*C over 60 minutes, the 
precipitated solids filtered, washed with 5% brine and dried under vacuum at eo°C. There an 
obtained 232.2 g of the compound of formula 





(101a). 



a 
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(102) 



8.9g of 4,4'-bis [(4-bls-(2-hydroxethyl)amino-6-chloro-1,3,5-tria2in-2-yl)amino]stiIbene-2,2'- 
disulphonic add disodium salt, obtained by an analogous process to that described for 
compound (101a) in Example 1, are added over 10 minutes with stirring at 25°C to 25ml of 3- 
N,N-dlmethylamino-1 -propylamine, whereby, during the addition, the temperature rises to 
45*C. The temperature is then further increased to 100*0 and the mixture maintained at this 
temperature for a further 1 .75 hours. Heating is then ceased, the mixture allowed to stand 
overnight at room temperature, then diluted with 25ml of water and evaporated under 
vacuum to approximately 18g. The resulting residue is diluted with 50ml of water and the pH 
adjusted to 1.0 by addition of aqueous 17% hydrochloric acid. 90ml of acetone are then 
added, resulting in the formation of 2 phases. The aqueous phase is separated off in a 
separating funnel and the pH is then raised to 8.5 by addition of 4N aqueous sodium 
hydroxide solution. The precipitated solids are filtered, washed with water and dried under 
vacuum at 60°C. There are obtained 5.0g of the compound of fonnula (1 02) as yellow 
crystals. 
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Example 3 



HQ 



vv-<;=<'' 



=v HO3S 




(103) 



By proceeding essentially as described in Example 2, but replacing tlie 4,4'-bis [(4-bis(2- 
hydroxyethyl)amIno-6-chIoro-1 .3,5-tria2in-2-yi)amlnolstilbene-2,2'-disulphonic acid disodfum 
salt by an equivalent quantity of 4,4'-bis [(4-bis(2-hydroxy-n-propyOamino-6-chIoro-1 .3,5- 
triazin'*2-yl)amino]stilbene-2,2'-disu]phonic acid disodium salt, obtained by an analogous 
process to that described for compound (101a) In Example 1 , there are obtained 6.4g of the 
compound of formula (103) as pale yellow crystals. 

Example 4 



/ — \ 




(104) 
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24.3g of 4,4'-bIs [(4-N-morphollno-6-chloro-1,3,S-triazin-2-yOaminols«Iben 

acid disodium salt (101a) are added over 15 minutes with stirring at 69.6g of 2-N,N- 



nDaintained at this temperature for a further 2 hours. After diluting with 150mi of water, the 
pale brown solution is evaporated under vacuum and this procedure repeated twice. Addition 
of 100ml of water to the residue results in a beige suspension of pH 1 1<2. The pH is then 
adjusted to 12.8 by addition of 5ml 50% aqueous sodium hydroxide solution, then lowered 
to 4 by addition of 35ml of concentrated hydrochloric acid, the yellow precipitate stirred for 30 
minutes, filtered and washed with 1000ml of water After drying under vacuum at 70°C, there 
are obtained 26.7g of the compound of fomnula (104) as yellow crystals. 



diethylamino-1-ethylamlne. The resulting suspension is then heated to IIS^C and the mixture 



Example 5 




N=^ /=v HO3S 




(105) 



By proceeding essentially as described in Example 4, but replacing the 2-N.N-diethylamino- 
1 -ethylamine by an equivalent quantity of 3-N,N-diethylamino-1 -propylamine, there are 
obtained 27.0g of the compound of formula (105) as whitish beige crystals. 
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Example 6 




(106) 



By proceeding essentially as described In Example 4, but replacing the 4,4'-bis ((4-N- 
morphol!no-6-chIoro-1,3,5-triazln-2-yl)aminoJstnbene-2,2'-dIsurphonfc add disodlum salt by 
an equivalent quantity of 4,4'-bls I(4-anHlno-e-chloro-1,3,5-triazin-2-yl)amino]stilbene-2,2'- 
dlsulphonic add disodlum salt, obtained by an analogous process to that described for 
compound (101a) in Example 1, there are obtained 19.9g of the compound of fomiula (106) 
as beige crystals. 
> 

Example 7 
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By proceeding essentially as described in Example 4. but replacing the 4,4 -bis {(4-N- 
morpholino-6-diloro-1.3,5-triazin-2-yl)aniino]stnbene-2,2'-disulphonic add discdium salt by 
an equivalent quantity of 4.4'-bis [(4-anilino-6-chloro-1.3,5-triazin-2-yl)amlno]stilbene-2,2'- 
disulpiionic acid disodium salt and the 2-N.N-diethylamino-1-ethylamlne by an equivalent 
quantity of 3-N.N-diethylamlno-1-propylamine. there are obtained 26.6g of the compound of 
formula (107) as beige crystals. 



9.5g of 4,4'-bis {[4-(4-sulphonamldoanllino)-6-chloro-1.3.5-triazin-2-yl]am{no}stilbene-2,2'- 
disulphonic acid disodium salt, obtained by an analogous process to that described for 
compound (101 a) in Example 1 , are added over 20 minutes with stirring at 90°C to 32.0g of 
3-N,N-dimethy!amlno-1-propylamine. The temperature is then further increased to 1 15-120''C 
and the mixture maintained at this temperature for a further 2 hours, hieating is then ceased, 
the mixture then diluted with 120ml of water and evaporated under vacuum. After repeating 
the latter procedure, the resulting residue is dissolved in 150ml of water and the phi adjusted 
to 12-13 by addition of aqueous sodium hydroxide. Subsequently, the pH is adjusted to 6 by 
addition of concentrated hydrochloric acid and the resulting precipitate filtered, washed with 
water and dried under vacuum at 70**C. There are obtained 8.4g of the compound of fonnula 
(1 08) £is pale yellow crystals. 



ExamplQ 8 



HaNOgJ 
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EXamole 9 . 




lO.Og of 4,4'-bis [(4-anilino-6-chloro-1,3,5-triazln-2-yl)amlno]stiIbene-2,2"-^^^ add 
disodium salt are added over 15 minutes with stirring at 30^C to 30ml of 1 ,3-diaminopropane, 
whereby the temperature rises to 50°C. The yellow suspension is then heated to 80**C and 
stirring continued at this temperature for a further 90 minutes. After cooling, the mixture is 
poured into 300ml of water and the pH adjusted to 2 by addition of 65ml of concentrated 
hydrochloric acid. The aqueous liquors are decanted from the oily residue, which residue is 
ground with water in a mortar and then stirred for 2 hours at pH 5. The solids are filtered off, 
washed with 5% brine and dried under vacuum at 70°C. There are obtained 10.1g of the 
compound of formula (1 09) as yellow crystals. 
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By following the procedure described in example 9, but replacing the 4,4'-bis [(4-anaino-e- 
chloro-1,3,5-trfazln-2-yl)amino]stilbene-2,2'-dlsulphonic acid disodium salt by an equivalent 
quantity of 4,4'-bis {[4-(4-sulphonamidoanllino)-6-chloro-1 ,3,5-triazin-2-yl]amino}stllbene-2,2'- 
disulphonlc acid disodium salt. 12.0g of the compound of fomnula (110) are obtained as pale 
brown crystals. 

Example 1 1 



O N— ^ N 



HO.,S 




(111) 



in a manner analogous to that described In Example 9, 8.5g of 4.4'-bls [(4-N-morpholino-( 
chloro-1,3.5^rlazln-2-yl)amlno]stilbene-2,2'-dlsulphonlc acid disodium salt are reacted wH 
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30ml of 1,3Hliaminopropane to yield 9.1g of the compound of formula (1 11) as yellow 
crystals. 

Example 1^ 

A mixture of compounds of formulae 




(112a), 




— N 



/ 



(112b) and 
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(112c) 



16.46g of 4.4'-bIs [(4-anilino-6-chloro-1,3,5-triazln-2-yl)amlno]stilbene-2,2'<lisulphonic acid 
disodium salt are added over 30 minutes with stirring at 50*^0 to a mixture of 33.95g of 3-N,N- 
dImethylamino-1 -propylamine and 12.25g of 1,3-diaminopropane, wherby tlie temperature 
rises to 85°C. The yellowish brown viscous solution fs then heated to 90**C and stirring 
continued for a further 5 hours at this temperature. After cooling, the mixture Is poured into 
300ml of water and the resulting yellow solution of pH 1 1.4 allowed to stand overnight. The 
pH is then adjusted to 3 by addition of 85ml of concentrated hydrochloric acid, the mixture 
stirred for a further 2 hours and the precipitated solids filtered, washed with 5% brine and 
dried under vacuum at 70*^0. There are obtained 18.2g of the mixture of compounds of 
formulae containing 40% (1 12a), 44% (1 12b) and 13% (1 12c) as yellow crystals. 

Example 13 

A mixture of compounds of formulae 




(113a), 



CI 
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(113b) and 



(113c) 



A solution of 120g of c^anuric chloride in 930ml of methyl ethyl ketone is added with stirring 
over 10 minutes at 5-1 O^C to 400g of ice/Water. Then, during 70 minutes at a pH of from 4.5 
to 5.0, 1093g of a 12% solution of 4,4-dlamlno8tilbene-2,2'-dl8ulphonlc add and sodium 
carbonate are added sudh that no excess of 4,4'-diaminostilbene-2,2'-disulphonic acid is 
present. The mixture is stin'ed for a further 10 minutes at 5-1 0°C, after which time a total of 
21.2ml of 20% aqueous sodium caribonate solution is consumed. The mbcture Is warnied to 
8-20'*C and the pH adjusted to 7.5 by addition of 50% aqueous sodium hydroxide solution. A 
mixture of 29.9g of aniline and 28.0g of morpholine is then added drop wise over 10 minutes, 
the mixture wanned to 70''C during 60 minutes and stin-ing continued for 90 minutes at this 
temperature, the methyl ethyl lactone being distilled off. A total of 54.2ml of 50% aqueous 
sodium hydroxide solution are required to maintain a pH of 7.5 during this period. The 
reaction mixture is then cooled to 30'*C over 60 minutes and allowed to stand overnight at 
room temperature. The supernatant liquid is decanted off, the residue suspended in 750ml of 
6% brine, warmed to eo^C and then slowly cooled to SO'C over 60 minutes. The precipitated 
solids are filtered, washed with 5% brine and dried under vacuum at 70*0. There are 
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obtarned 2S9.1g of a yellow crystalline product oontsuning 27% of the compound of formula 
(113a), 46% (113b) and 24% (113c). 

Example 14 

A mixture of compounds of fonnulae 




(113a). 



Naa 




(114b) and 



HQ 



CI 



HO m<\ 




OH (114c) 
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By following the procedure described in Example 13. but replacing the 28.0g of morpholine 
by 33.7g of diethanoleunine, there are obtained 287.3g of a yeRow crystalline product 
containing 24% of the compound of fonnula (1 13a), 38% (1 14b) and 30% (1 14c). 

ExamplelS 



/ 




30.0g of 4.4'-bi8 [(4-anilino-6-chioro-1.3.5-triazin-2-yl)amino]8tilbene-2.2'-disulphonic acid 
disodium salt are added with stirring over 10 minutes at 80^ to lOO.Og of 2-N,N- 
dimethylamino ethanol. The beige suspension is then heated to 120^0 and stinred for a 
further 1.5 houre at this temperature. After cooling to 100°C, the mixture is diluted with 100ml 
of water and evaporated on a rotary evaporetor. The residue (56g) is taken up in 300ml of 
water, the pH of the yellowish brown suspension adjusted to 5 by addition of hydrochloric 
add and the mixture stirred for a further 1 hour. The precipitated solids are filtered, washed 
with water and dried under vacuum at 70°C. There are obtained 30.2g of the compound of 
fonmula (1 15) as whitish beige crystals. 

Example 16 



A mixture of compounds of fomnulae 
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A solution of 120g of cyanuric chloride In 930ml of methyl ethyl ketone Is added with stirring 
over 10 minutes at 5-IO^C to 400g of Ice/Water. Then, during 70 minutes at a pH of from 4.5 
to 5.0, 978g of a 12% solution of 4,4*-dlam!nostllbene-2,2'-disuiphonlc acid and sodium 
carijonate are added such that no excess of 4,4'-diaminostilbene-2.2'-disulphonic acid Is 
present The mixture is stinred for a further 10 minutes at 5-1 0'C. after which time a total of 
24.2ml of 20% aqueous sodium carbonate solution is consumed. The mixture Is wanned to 
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10-20°C and the pH adjusted to 7.5 by addition of 50% aqueous sodium hydroxide solution. 
29.9g of aniline are.then added drop wise over 10 minutes, the mixture warmed to 30°C and 
stimng continued for 30 minutes at this temperature. A solution of 17.2g of ammonium 
chloride in 50ml of water is then added drop wise over 15 minutes and the resulting yellow 
suspension heated to 70°C. After stintig for a further 60 minutes. 1 00ml of 25% aqueous 
ammonia are added, the mixture stinred for 30 minutes and the methyl eth^ ketone is finally 
distilled off. The resulting mi^Oure is cooled to 30°C, the precipitated solids filtered, washed 
with a little water, then with 5% biine and dried under vacuum at 70''C. There are obtained 
199.7g of a yellow crystalline product con^sting of a mixture of compounds containing 26% 
(113a). 26% (116b) and36% (116c). 

Example 17 

A mixture of compounds of the formulae 




N /)— N 



(117a). 




-35- 




30.0g of the mixture of compounds of fomiulae (113a), (113b) and (113c), obtained as 
described In Example 13, are added with stining over 20 minutes at 45'*C to 100ml of 3-N,N- 
dimethyiamino-1 -propylamine. The mixture Is warmed to 120"C and stin'ed for a further 1 
hour at this temperature. After cooling to 9QPC, 1 00ml of water are added and the reaction 
mixture evaporated on a rotary evaporator. The residue Is dissolved in 250ml of water, the 
pH adjusted to 5 by addition of concentrated hydrochloric acid and the precipitated solids 
filtered, washed with water and dried under vacuum at 70PC. There are obtained 27.2g of a 
yellow crystalline product, which is a mixture of compounds containing 26% (1 17a), 45% 
(117b) and 23% (101). 
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Exampfe 18 




By following the procedure described in Example 15, but replacing tiie 4.4'-bis [(4-aniiino-6- 
chloro-1 .3,5-triazin-2-yOaminolstilbene-2,2'-disulphonlc acid disodium salt by 30g of 4.4'-bis 
[(4-amlno-e-chloro-1,3,5-tria2in-2-yl)aminolstilbene-2,2*-dlsuIphonIc acid disodium salt, 
obtained by an analogous process to that described for compound (101 a) in Example 1, 
there are obtained 30.0g of the compound of formula (1 18) as yellow crystals. 



Example 19 
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By fotlowring the procedure described in Example 15. but replacing the 4,4'-bis [(4-anilino-6- 
chloro-1.3,5-triazin-2-yOamino]stiibene-2.2*-disulphonic add disodium salt by 30g of 4.4'-bis 
[(4-N-morpholino-6-chloro-1 .3.5-triazin-2-yt)ainino]stilbene-2.2'-dl8ulphonic acid disodium 
salt (101a). ttiere are obtained 30.0g of the compound of fonnula (119) as yellow crystals. 

Exampie 20 

A mixture of compounds of the fonnulae 
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(119) 



30.0g of the mixture of compounds of fomiulae (1 13a), (1 13b) and (113c). obtained as 
described in Example 13, are added with stining over 45 minutes at 80"C to 100ml of 2-N,N- 
dlmethylamlno-1-ethanol. The mixture is stirred for a further 2 hours at 80°C and then diluted 
with 100ml of water and the reaction mixture evaporated on a rotary evaporator. The residue 
is dissolved in 100ml of water, the pH adjusted to 5.5 by addition of 10ml of concentrated 
hydrochloric acid and the supernatant liquid decanted off. The residue is ground in a mortar 
with 150ml of 5% brine, stin-ed overnight and the precipitated solids filtered, washed with 5% 
brine water and dried under vacuum at 70°C. There are obtained 28.6g of a yellow crystafline 
product, which is amixture of compounds containing 21% (115), 35% (120b) and 19% (119). 

Example 21 



A mixture of compounds of the formulae 
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By following the procedure described in Example 20. but replacing the 30.0g of the mixture of 
compounds of formulae (113a). (113b) and (113c) by 30.0g of tiie mixture of compounds of 
fonmulae (114a). (114b) and (114c). prepared as described in Example 14, there are 
obtained 27.3g of a mixture of compounds containing 26% (1 15). 39% (121b) and 29% 
(121c) in yellow crystalline form. 

Example 22 

A mixture of compounds of fomnulae 
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(122c) 



By following the procedure described in ExamplelS, but replacing the morphoilne by an 
equivalent quantity of di-isopropanolamine, 210.Sg of a mixture of compounds contabiing 
31% of the compound of formula (1 13a), 45% (122b) and 20% (122c) Is obtained, as yellow 
crystals. 

Example 23 

A mixture of compounds of formulae 




(113a). 
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(123b} and 



(123c) 



By following the procedure described in Exampl©13, but replacing the morphollne by an 
equivalent quantity of monoethanolamlne, 244g of a mixture of compounds containing 26% 
of the compound of formula (1 13a), 40% (123b) and 33% (123c) is obtained, as yellow 
crystals. 
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Example 24 . 



HO O 
N— </ N 
HO NH 




<=\ HO3S 





NH OH 
O OH 



(124) 



By following the procedure described in Example 15, but replacing the 4,4'-bls [(4-anilino-6- 
chloro-1 ,3,5-triazin-2-yl)amino]stiibene-2,2'-disulphonic acid disodium salt by 30g 4,4'-bis [(4- 
bis-(2-hydroxethyl)amino-6-chloro-1,3,5-triazin-2-yl)amlno]stilbene-2,2'-dlsuIphonic acid 
disodium salt, there are obtained 27.3g of the compound of fomnula (124) as yellow crystals. 

Example 25 




NHg 



(125) 



To a stin-ed mixture of 150ml of water, 150ml of dioxane and 40.7g of ethylene diamine, 
heated to TO-TS^C, 40.0g of 4.4'-bis [(4-amlno-6-chloro-1.3,5-triazln-2-yDamlno]stllbene-2,2'- 
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dfeulphonlc add disodium salt are added over 30 minutes. The brown solution Is then heated 
to eerc and stirring continued for a further 2 hours. After cooling to 70«C. the pH is adjusted 
to 5.5 by addition of 1 15inl of concentrated hydrochloric acid and the precipitated solids 
filtered at 60*C and washed with a litUe water. The filter cake is suspended in 350ml of water. 
50% aqueous sodium hydroxide solution added to pH 11 and the resulting yellow solution 
stirred for 1 hour. The pH Is acQusted to 5 by addition of concentrated hydrochloric acid, the 
yeHow precipitate filtered, washed with water and dried under vacuum at 70«C. There are 
obtained 31 .5g of the compound of fonnula (125) as yellow crystals. 

Examole 26 




By proceeding essentially as described in Example 25, but replacing the 40.0g of 4.4'45ls [(4- 
amino-6-chloro-1,3,6-trlazin-2-yl)amino]stllbene-2,2'-dlsulphonlc acid disodium salt by 40.0g 
of 4,4'-bis [(4-anilino-6-chioro-1,3,5-triazin-2-yl)amino]stilbene-2,2'-dlsulphonlc acid disodium 
salt, there are obtained 30.4g of the compound of fonnula (126) as yellow crystals. 



Example 27 
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(127) 



HO 



By proceeding essentially as described in Example 25, but replacing the 40,7g of ethylene 
diamine by 91 .6g of N-(3-aminopropyl)diethanoiamine, there are obtained 50.4g of the 
compound of formula (127) as yellow crystals. 

Example 28 

A mixture of compounds of fomnulae 




(112a). 
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Q 



" N=< 

NH 





— N 



/ 



OH (128b) and 



N OH 




NH OH 



(102) 



By reacting 40.0g of the mixture of compounds of fonnulae (11 3a), (1 13b) and (1 13c), 
obteiined as described in Example 13, witli 100ml of 3-N.N-dimethylamino-1 -propylamine, 
essentially as described in Example 20, there are obtained 33.8g of yellowish brown crystals 
of a mixture of compounds containing 25% of the compound of fonmula (1 12a), 39% (128b) 
and 27% (102). 
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By proceeding essentially as described in Example 25, but replacing the 40.0g of 4.4*-bl8 [(4- 
amino-6-chlorq-1,3,5-triazin-2-yl)amino]stilbene-2,2'-disulphonic add disodium salt by 40.0g 
of 4,4'-bls [(4-anillno-6-chloro-1,3,5-tria2in-2-yl)amlno]stilbene-2,2'-dlsulphonlc add disodfum 
salt and the 40.7g of ethylene diamine by 68.1 g of 2-(3-aminopropyfamino) ethanol, there are 
obtained 35.8g of the compound of fomnula (129) as yellow crystals. 

Example 30 




By proceeding essentially as described In Example 25, but replacing the 40.0g of 4,4'-bis [(4- 
amino-6-chloro-1,3,5-triazin-2-yl)amino]stilbene-2,2'-dlsulphonlc acid disodium salt by 35.0g 
of 4.4'-bis [(4-«thanolamino-6-chloro-1,3,5-trlazin-2-yl)amino]stilbene-2,2'-disulphonic acid 
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disodium salt and the 40.7g of ethylene diamine by 47.O9 of 3-N,N-dimethylafnino-1- 
propylamine. there are obtained 39.3g of the compound of fonnufa (130) as yellow crystals. 

Example 31 




H 



Treatment of 30,0g of 4.4'-bis [(4-anillno-6-ch!oro-1 ,3,5-triazin-2-yl)amino]stilbene-2,2'- 
disulphonic acid disodium salt with 90ml of N-(2-hydroxyethyl) ethylene diamine, essentially 
as described in Example 9, results in 28.(^ of the compound of formula (131) as beige 
cr^tals. 

Example 32 

A mixture of compounds of fomnulae - 




(113a). 
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(132b) and 



(132c) 



OH 



By following the procedure described in Example13, but replacing tiie morpholine by an 
equivalent quantity of 2-N-<methylaminoetlianol, 213.3g of a mixture of compounds containing 
26% of the compound of formula (USa). 34% (132b) and 32% (132c) is obtained, as yellow 
crystals. 

Example 33 



A mixture of compounds of formulae 
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OH 



By following the procedure described in Example13, but replacing the morpholine by an 
equivalent quantity of 1-amlnopropan-2-ol, 188.5g of a mixture of compounds containing 
33% of the compound of formula (1 13a), 40% (133b) and 23% (133c) Is obtained, as yellow 
crysta 
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Example34 




(134) 



A solution of 120g of qranuric chloride in 930(ni of methyl ethyi ketone is added with stinring 
over 10 minutes at 5-1 O^C to 400g of ice/Water. Then, during 70 minutes at a pH of from 4.5 
to 5.0. 1063g of a 12% solution of 4.4'-diaminostiibene-2.2'-disulphonic acid and sodium 
carbonate are added such that no excess of 4,4'-diaminostiibene-2.2'-disulphonic acid is 
present The mixture is stinred for a further 10 minutes at 5-1 O^C. after which time a total of 
29.8mi of 20% aqueous sodium cart>onate solution is consumed. The mixture is warmed to 
10-20°C and the pH adjusted to 7.0-7.5 by addition of 50% aqueous sodium hydroxide 
solution. 52.5g of 1 -amino prqpan-2-d are then added drop wise over 10 minutes, the 
mixture wanned to 70°C over 1 hour and stinlng continued for a further 90 minutes at this 
temperature, the methyl ethyl ketone being distilled off, then cooled to 50**C during 30 
minutes, then to 25*'C during a further 30 minutes, stin-ed for a further 3 hours at tills 
temperature and. finally, allowed to stand overnight at room temperature. The pi-l is 
maintained at 7.0-7.5 during the entire period, whereby a total of 53.4ml of a solution of 50% 
aqueous sodium hydroxide solution is consumed. The precipitated solids are filtered washed 
with water, then with 2.5% brine and dried under vacuum at 70°C. There are obtained 230.6g 
of the compound of formula 
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(134a) 



as yellow crystals. 

To a mixture of 150ml of water, 150ml of dioxane and 43.1g of 3-N,N-dimethylamIno-1- 
propylamine, previously warmed to 70^C, 35.0g of the compound of fonmula (134a) are 
added with stirring. The yellowish brown solution is wanmed to 86-88^C and stin'ing continued 
for 90 minutes at this temperature. After cooling to 70°C, 100ml of water are added and the 
pH adjusted to 5.0 by addition of 70ml of concentrated hydrochloric acid. After adjusting the 
pH to 1.5 and cooling to 10°C, 25g of sodium chloride are added and the mixture stirred 
overnight The mixture is then evaporated on a rotary evaporator and the resulting viscous 
residue added In portions to 400ml of acetone. The supernatant liquids are discarded and the 
procedure repeated until a crystalline product results. After filtering, the solids are stirred 
overnight In 200ml of water, the supernatant liquids discarded, tiie residue evaporated on a 
rotary evaporator and finally dried under vacuum at 70°C. There are obtained 13.0g of the 
compound of formula (134) as pale yellow crystals. 

Example 35 
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Treatn^nt of 30.0g of 4.4'-bis [(4-an]lino-6-chloro-1.3.&4riazin-2-y))amino]stilbene-2.2*- 
cfisulphonic acid disodlum salt with lOOmi of 2^'-(ethyleneclioxy)-diethylene cliamine, 
essentially as descrttied in Example 9, results in 34.0g of the compound of fomiula (135) as 
pale brown crystals. 

Example 36 




By following the procedure described in Example 1 for the preparation of the compound of 
formula (101a). but replacing the morpholine by an equivalent quantity of p-phenetidine, 
there are obtained 232.7g of the compound of formula 
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as greenish yellow crystals. 

By proceeding essentially as described In Example 25, but replacing the 40.0g of 4.4'-bis ((4- 
amlno-6-chloro-l,3,5-tria2ln-2-yl)amino]stllbene-2,2'-disulphonlc acid disodium salt by 35.0g 
of the compound of fomnula (136a), 27.2g of the compound of fomiula (136) are obtained as 
yellow crystals. 

ADDlication Examples 

The various fluorescent whitening agents (FWA's) are dissolved In 25ml of a 9:1 mixture of 
dimethyl sulphoxIde/Water, the pH adjusted to approximately 10 by addition of 4N aqueous 
sodium hydroxide solution and the solutions made up to 50mi with water. 

To a fibre dispersion consisting of 70 parts birch and 30 parts pine Kraft fibre with a degree 
of refining of 35" SR. 10% calcium carbonate (Hydrocarb 60) is added as filler. Sufficient of 
the FWA solutions are then added such that the FWA concentration, based on the weight of 
the pulp fibre, is 0.2%. The FWA is aUowed to exhaust for 15 minutes, 0.03% of a cationic 
polyacrylamide (Percoi 292) added as retention auxiHary and the hand sheet fonned 
immediately by means of the Rapid-Koethen system. 

The degrees of whiteness of the sheets (W CIE) are then measured by SCAN-P66-93 using 
a spectrophotometer. 



The results of the measurements are summarized in the following Table 1 . 

Table 1 











None ' 


70.1 


37 


(109) 


131 


38 


Mixture of Example 12 


131 


39 


(111) 


125 


40 


(101) 


115 


41 


(102) 


113 1 
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1 . A fluorescent whitening agent, which connprises a mixture of compounds of the formulae 




t 

wherein 

A represents -X-Y-NR3R4 and 
Cis -NRiRaand 

B* represent a group of the fonmula 




wherein 
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O represents -NRsRe and 

E represents -XrYrNR/Rg, whereby 

X and X, each, independently of each other, represent -O- or -NH-, 

Y and Y, each, independemiy of each other, represent a straight-chain Ca-Ceallcylene or 

branched CrCsallcylene chain, which may be intenupled by one or two oxygen or sulphur 

atoms, 

Ri. Fla Rs and Be each independently of each other, represent hydrogen, Ci-C4alkyl, 
C2-C4hydroxyalkyl. CrC4alkoxyC,-C4allcyl, phenyl, which is unsubstituted or substituted by 
halogen, Ct-C4alkoxy, Ci-C4alkyl or sulphonamldo, or 

Ri and Rz and /or Rg and Rs. together with the nitrogen atom to which they are attached, 
complete a morpholino- piperidino- or pyrrolldino-ring, 

Ra, R4, R7 and Ra, each independently of each other, represent hydrogen. Ci-C4alkyl, 
C2-C4hydroxyallcyl or 

R3 and R4 and/br R7 and Ra, together with the nitrogen atom to which they are attached, 
complete a morphoiino:, piperidino- or pyrrolidino-ring and 

M represents hydrogen, an alkaline or alkaline earth metal, ammonium or alkylammonium. 

2. A fluorescent whitening agent, according to claim 1, which comprises a mixture of 
compounds of the formulae 
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in which 

X, Y, Ri, R2, R3. R4, Rs, Re and M are as defined in claim 1. 

3, A fluorescent whitening agent, according to claim 1 , which comprises a mixture of 
compounds of the formulae 
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MO, 




'SO3M 



R1R2N 



n=< 




'SO3M '^=^ )=N 

X, Xi, Y, Yt, Ri, R2, R3, R4, R7, Rg and M are as defined in claim 1. 
4. A compound of fonnula 




N />-0 
RsReN 

in whicli 

Xi. Y, Yi, Ri, Ra, R3, R4, Rs, IRg, fh, Ra and M are as defined in dalm 1. 
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5. A compound of the formula 




in which 

R9 and Rio, each independently of each otiier, represent hydrogen or C2*C4hydroxyalkyl and 
Y, Yi, Ri, R2, R3, R4. Rs. Re, and M are as defined In claim 1, with the proviso that when 
Y and Yi both represent -CH2CH2CH2-, Ri and R5 are both phenyl and R2 and Re are both 
hydrogen, R3. R4* R9 and Rio are not ail -CH2CH2OH. 

6. A process for the preparation of a mixture of compounds of formulae (1a), (lb) and (1c)» 
according to claim 1 , by reacting, under Icnown reaction conditions, cyanuric chloride, 
successively, in any desired sequence, with each of 4,4'-diaminostilbene-2,2*- disulphonic 
acid, amino compounds of formulae R1R2NH and RsRgNH or mixtures thereof and 
compounds of formulae R3R4YXH and RyReYiXiH or mixtures thereof, 

X, Xi, Y, Yi, Ri, R2, R3, R4, Rsf Re. R? and Rs being as defined In claim 1 . 

7. A process for the preparation of a compound of formula (2), according to clairh 4, by 
reacting, under l<nown reaction conditions, cyanuric chloride, successively, in any desired 
sequence, with each of 4,4'-diaminostilbene-2,2 - disulphonic acid, an amino compound of 
formula R1R2NH, an amino compound of formula RsRsNH, a hydroxy compound of formula 
R3R4NYOH and a compound of formula R/RsNYiXiH, 

Xi, Y, Yi, Ri, R2, Ra, R41 Rsi Re, R? and Ra being as defined In claim 1. 

8. A process for the preparation of a compound of formula (3), according to claim 5, by 
reacting, under l<nown reaction conditions, cyanuric chloride, successively, in any desired 
sequence, with each of 4,4'-diaminostilbene-2,2 - disulphonic acid, an amino compound of 
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formula RiRjNH. an amino compound of fomiula RsReNH. an amino compound of fonnuia 

fV^NYNHa and a compound of fom:iuta RgRtoNYiNHa, 

Y, Yt, Ri, Ra, IR3, R4, R5, Re, Rg and Rio being as defined in claims 1 and 5. 

9. A compound of tlie fonnuia 




SO3IM 



>=N. 
N />-CI 

R,3HN 



or a mixture comprising compounds of tlie formulae 



(4a) 



N-/ 



.NRi,R,2 




SO^M 



>=N. 
N /)-CI 



(4a). 



CI—// N 




SO3M 



N >-CI 
RiiRiaN 



(4b) and 
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R„HN 



in which 

Rii and Rw, each independently of each other, represent hydrogen, Ci-C4all<yl, 
C2-C4hydroxya]lcyl, Ci-C4a!l«>xyCrC4ail(yl or, together with the nitrogen atom to which they 
are attached, complete a morphoRno-, piperidino- or pyrrolidino-ring, 
Rt3 represents phenyl, which is unsubstituted or substituted by halogen, Ci-C4aii<oxy, 
Ct-C4alkyl or sulphonamido and 

M represents hydrogen, an allcaiine or alicaiine earth metal, ammonium or alkyi ammonium.> 

10. A process for the preparation of a compound of fonnula (4a) or a mixture of compounds 
of fontiuiae (4a), (4b) and (4c), according to daim 9, by reacting, under toiown reaction 
conditions, cyanuric chloride, successively, in any desired sequence, with eadi of 4,4'- 
diaminostilbene-2,2'- disulphonic acid, an amino compound of fonnula RiiRi2 NH and an 
amino compound of fonmuia R13NH2 or with a mixture of amino compounds RuRiaNH and 
RisNHj, R11, Ri2 and R13 being as previously defined in claim 9. 

1 1 . Use of the compound of formula (4a), according to claim 9, for the preparation of a 
compound of formula (2), according to claim 3, in which, in formula (2), 

Ri and R2 each independently of each other, represent hydrogen, Ci-C4ali<yi, 

C2-C4hydroxyalkyl, Ci-C4all<03q^rC4allcyl or, together with the nitrogen atom to which they 

are attached, complete a morpholino-, piperidino- or pyrrolidino-ring, 

Rs represents phenyl, which is unsubstituted or substituted by halogen, CrC4all<oxy, 

Ct-C4all<yl or sulphonamido. 

Re represents hydrogen and 

Xi, Y, Yi, R3, R4. R7. Re and M are as defined in claim 1 ; 

for the preparation of compound of fonnula (3), according to daim 5, In which, in fomiula (3), 
Ri and R2 each independently of each other, represent hydrogen, Ci-C4alkyi, 
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C2-C4hydroxyaIkyl, C-C4alkoxyCi-C4alkyl or. together with the nitrogen atom to which they 

are attached, complete a morphdino-, plperidino- or pyrrolldlno-ring, 

Rs represents phenyl, which is unsubstltuted or substituted by halogen, Ci-C4alkoxy, 

Ci-C4allcyl orsulphonamldo. 

Re represents hydrogen and 

Y, y%, R3, R4, R9, Rio. and M are as previously defined In daims 1 and 5 respectively or 
use of the mixture of compounds of formulae (4a). (4b) and (4c), according to claim 9. for the 
preparation of a mixture of compounds of formulae (la), (lb) and (1c), according to claim 1, 
In which, in formulae (la), (lb) and (1c), 

Rt and Ra each Independently of each other, represent hydrogen, CrC4alkyl, 

C2-C4hydroxyaIkyl, Ci-C4alkoxyCi-C4allcyl or. together with the nitrogen atom to which they 

are attached, complete a morpholino-, plperidino- or pyrrolidino-ring, 

Rs represents phenyl, which is unsubstltuted or substituted by halogen, Ci-C4alkoxy, 

Ci-C4alkyl or sulphonamldo, 

Re represents hydrogen and 

X, Xi, Y, Yi, R3, R4. R7. Rs and M are as defined in claim 1. 

12. Use of the mixture of compounds of fonnulae (la), (lb) and (1c), according to dalm 1 , for 
the fluorescent whitening of paper. 

13. Use of the compound of fomiula (2), according to claim 4, for the fluorescent whitening of 
paper. 

14. Use of the compound of formula 




(5). 



in vi^lch 
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Ri4 and R15. each independently of each other, represent hydrogen, Cf-C4alkyl or 
CrC4hydroxyallcyl and 

Y, Y,. Ri. Ra, R3. R4. Rs. Re. and M are as defined in claim 1, for the fluorescent whitening of 
paper. 

15. Paper, which has been treated with a fluorescent whitening agent comprising either a 
mixture of compounds of formulae (la), (lb) and (1c), according to claim 1, a compound of 
formula (2), according to claim 4 or a compound of formula (5), according to claim 14. 
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Abstract 

The present Invention provides novel bis-triazinylamlnostilbene amphoteric fluorescent 
whitening agents, comprising both Inclivfdual components and mixtures thereof, a process for 
their preparation, intenfnediates useful for their preparation and use of the fluorescent 
whitening agente for the fluorescent whitening of paper. 
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